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$EVWUDFW
Ear biometric research can be traced back as early as 1949. Off late, more work of ear biometrics has been done mainly 
focusing within constrained environment. Illumination invariant problem in unconstrained environment remains less explored for 
ear biometric. In this paper, we propose an illumination-invariant ear authentication approach using biometric authentication 
methods. Ear regions are firstly segmented from side face images using biased normalized cuts and morphological operations. 
Shape features are then extracted using Log-Gabor filters where the Hamming distance is finally applied for authentication. A 
authentication rate of 92.66% is reported for intra-class matching on 50 subjects.
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VXUYHLOODQFHFDPHUDV=RXHWDO IRU LQVWDQFHSURSRVHGDSDVVLYHDSSURDFKZKHUH WKH\VWXGLHG WKHVXLWDELOLW\RI
LOOXPLQDWLRQLQYDULDQWIHDWXUHVVXFKDVHGJHFRGHVLQWHQVLW\GHULYDWLYHVDQGLPDJHVFRQYROYHGIURP'*DERUOLNH
ILOWHUV+RZHYHURWKHUZRUNVLQGLFDWHWKDWDOEHLWEHLQJXVHIXOQRQHRIWKHVHIHDWXUHVFDQRYHUFRPHWKHYDULDWLRQLQ
LOOXPLQDWLRQGLUHFWLRQ
5HFHQWO\WUDQVIRUPGRPDLQIHDWXUHVKDYHEHHQSRSXODUIRUJHQHUDWLQJHDUFRGHV5HIHUHQFHVXVHG+DDUOLNH
IHDWXUHVIRUERWKELRPHWULFGHWHFWLRQDQGUHFRJQLWLRQ0HDQZKLOHDQGXWLOL]HGDYDULHW\RI*DERUILOWHUVZKHUH
WKH IRUPHU UHVHDUFKHUV XVHG ORJ*DERU DQG HYHQ*DERU ILOWHUV WR JHQHUDWH ELQDU\ HDU FRGH WHPSODWHV DQG IHDWXUH
PDSV)RUZRUNVWKDWSD\OHVVDWWHQWLRQWRWKHH[DFWIHDWXUHW\SH3ULQFLSDO&RPSRQHQWV$QDO\VLV3&$LVXVHG)RU
LQVWDQFHDQGDGRSWHGWKHFRQFHSWRIHLJHQHDUVGHULYHGIURP3&$:KLOHFODLPVWKDWDOORIWKHDIRUHPHQWLRQHG
IHDWXUHVSHUIRUPUHOLDEO\ IRUHDUELRPHWULFV*DERUOLNHILOWHUVKDYHEHHQPRUHSRSXODUGXH WR WKHDELOLW\ WRVHOHFW
RULHQWDWLRQV VSDWLDO ORFDOL]DWLRQ DQG VSDWLDOIUHTXHQF\ FKDUDFWHULVWLFV  7KH GUDZEDFN KRZHYHU LV WKDW RQO\ RQH
RFWDYHEDQGZLGWKFDQEHGHVLJQHG1RQHWKHOHVVWKLVOLPLWDWLRQFDQEHRYHUFRPHE\XVLQJ/RJ*DERUILOWHUV*DERU
ILOWHUHOLPLQDWHVWKH'&FRPSRQHQWDQGUHWDLQVKLJKIUHTXHQF\GHWDLOVZLWKOHVVHUQXPEHURIILOWHUV
)RUWKHSXUSRVHRIHDUDXWKHQWLFDWLRQLWLVYLWDOWKDWWKHHDULPDJHUHJLRQVHJPHQWDWLRQSHUIRUPVZHOO9DULDWLRQ
LQOLJKWVRXUFHVFDQKDYHDGYHUVHHIIHFWVRQVHJPHQWDWLRQ2FFOXVLRQVGXHWRHDUULQJVKDLURURWKHUREMHFWVDVZHOO
DVGLIIHUHQW DQJOHVRI LPDJHDFTXLVLWLRQDUHSUREOHPV WKDW FDQKDYHDGYHUVHHIIHFWVRQ VHJPHQWDWLRQ9DULDWLRQ LQ
OLJKWVRXUFHVLVDOVRDGLOHPPDIRUHDUVHJPHQWDWLRQ0DQ\H[LVWLQJHDULPDJHGDWDEDVHVXVHGIRUDXWKHQWLFDWLRQDUH
SRSXODWHG ZLWK LPDJHV WDNHQ XQGHU FRQWUROOHG OLJKWLQJ FRQGLWLRQV VLQFH XQFRQWULYHG LPDJHV FDQ SRVH XQZDQWHG
SUREOHPV ,Q WKLV SDSHU ZH SHUIRUP HDU DXWKHQWLFDWLRQ IRU LPDJHV FDSWXUHG LQ YDU\LQJ OLJKWLQJ FRQGLWLRQV DQG
FDSWXULQJGLVWDQFHV:HSURSRVHXVLQJELDVHGQRUPDOL]HGFXWVIROORZHGE\DIXVLRQRIPRUSKRORJLFDORSHUDWLRQVWR
VHJPHQWWKHHDULPDJH(DUDXWKHQWLFDWLRQLVWKHQSHUIRUPHG
7KH5HVHDUFK0HWKRG
7KH SURSRVHG HDU DXWKHQWLFDWLRQ PHWKRGV LQYROYHG ILYH PDLQ VWDJHV  LPDJH DFTXLVLWLRQ  LPDJH
SUHSURFHVVLQJHDUVHJPHQWDWLRQIHDWXUHH[WUDFWLRQDQGHDUPDWFKLQJ7KHJUDSKLFDOGLDJUDPRIWKHVHVWDJHV
LVSUHVHQWHGLQ)LJ
  


 
  



)LJ(DUDXWKHQWLFDWLRQVWDJHV
2.1. Ear Image Acquisition and Pre-Processing 
$&DQRQ3RZHU6KRW$GLJLWDOFDPHUDZDVXVHGWRFDSWXUHWKHHDULPDJHV,QGRRUDQGRXWGRRULPDJHVZHUH
WDNHQ UHVXOWLQJ LQ D GDWDVHW FRQVLVWLQJ RI HDU LPDJHV XQGHU GLIIHUHQW OLJKWLQJ FRQGLWLRQV 7KH LQGRRU OLJKWLQJ LV
VWDQGDUGIOXRUHVFHQWZKLWHOLJKWZKHUHDVWKHRXWGRRULPDJHVKDGUDQGRPVXQOLJKWLHGLIIHUHQWVXQOLJKWLQWHQVLWLHV
GXULQJPRUQLQJDIWHUQRRQDQGHYHQLQJ(DULPDJHVZHUHWDNHQZLWKVXEMHFWIDFLQJOHIWLQDVWDQGLQJSRVLWLRQ:H
GLGQRWFRQVLGHUDQ\VSHFLILFDQJOHEXWVXEMHFWVVWRRGZLWKLQWRIHHWDZD\IURPWKHFDPHUD)LIW\VXEMHFWVDJHG
(DU
LPDJH
,PDJHSUH
SURFHVVLQJ
(DUVHJPHQWDWLRQ
0DWFKLQJ
)HDWXUHH[WUDFWLRQ
(DUFRGH
(DUFRGH
FROOHFWLRQV
3HUVRQ
DXWKHQWLFDWHG
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EHWZHHQ WR \HDUV ROG YROXQWHHUHG IRU WKH SKRWRJUDSKVZKHUH IRXU LPDJHV RI HDFKYROXQWHHU IURPGLIIHUHQW
DQJOHVZHUHWDNHQ$WRWDORILPDJHVZHUHILQDOO\DFTXLUHG)LJVKRZVVDPSOHVRIWKHHDULPDJHV
7KHSUHSURFHVVLQJVWDJHLQYROYHGDXWRPDWLFDOO\UHVL]LQJWKHFDSWXUHGHDULPDJHWR[DQGFRQYHUWLQJLW
LQWR DQ ELW JUD\ VFDOH LPDJH 7KH SXUSRVH RI LPDJH SUHSURFHVVLQJ LV WR UHGXFH FRPSXWDWLRQ WLPH GXULQJ
VHJPHQWDWLRQ





)LJ(DULPDJHV
)RUHDFKLQGLYLGXDOWKUHHRXWRIIRXULPDJHVDUHXVHGDVEHQFKPDUNHGWHPSODWHV7KHHDUFRGHVRIWKHVHLPDJHV
DUHH[WUDFWHGDQGXVHGIRUPDWFKLQJGXULQJWKHDXWKHQWLFDWLRQSKDVH7KHIRXUWKLPDJHLVXVHGIRUWHVWLQJ,QDOO
HDU LPDJHV x DUH VWRUHG IRU IHDWXUH HQFRGLQJZKHUHDV LPDJHV DUH XVHG IRU WHVWLQJ GXULQJ DXWKHQWLFDWLRQ
'HWDLOVRIIHDWXUHH[WUDFWLRQDQGDXWKHQWLFDWLRQDUHIXUWKHUGLVFXVVHGLQVHFWLRQVDQGUHVSHFWLYHO\
2.2. Ear Segmentation 
7KHHDUVHJPHQWDWLRQVWDJHLVFUXFLDOVLQFHVXFFHVVIXODXWKHQWLFDWLRQGHSHQGVRQDFFXUDWHVHJPHQWDWLRQ0RVWRI
WKH RFFOXVLRQV DQG RWKHU XQQHFHVVDU\ LQIRUPDWLRQ QHHG WR EH HOLPLQDWHG WR UHWDLQ RQO\ WKH HDU UHJLRQ Biased 
normalized cut %1& LV WKHPDLQ VHJPHQWDWLRQ DOJRULWKP IROORZHG E\ VXFFHVVLYH VWDWLVWLFDO DQGPRUSKRORJLFDO
RSHUDWLRQVUHPRYHXQZDQWHGQRLVH%1&ZDVSURSRVHGE\DVDPRGLILFDWLRQWRWKHQRUPDOL]HGFXWVDSSURDFKE\
%1&FDQEHFRQVLGHUHGDVDVXPPDU\RIWZRJUDSKWHFKQLTXHV
x %RWWRPXS&RQWRXUVDUHORFDWHGFRUUHVSRQGLQJWRVXEVWDQWLDOFKDQJHVLQEULJKWQHVVFRORUDQGWH[WXUHDQG
x 8SGRZQ6WURQJDFWLYDWLRQVWKDWPLJKWEHLQDGHTXDWHDUHVRXJKWDIWHUDQGWKHRXWSXWLVQRWVKDUSO\ORFDOL]HG
%1&ILUVWO\FRPSXWHVHLJHQYHFWRUVRIDJUDSK¶VQRUPDOL]HG/DSODFLDQ7KHHGJHZHLJKW FRUUHVSRQGVWRWKH
³DIILQLW\´EHWZHHQWZRSL[HOVEDVHGRQORZOHYHOVLPLODULW\FXHV7KHLPDJHLVFRQVLGHUHGDVDZHLJKWHGXQGLUHFWHG
JUDSK ZKHUHQRGHVDUHSRLQWVLQWKHIHDWXUHVSDFHDQGDQHGJHLVIRUPHGEHWZHHQHYHU\QRGHSDLUV7KH
ZHLJKWIXQFWLRQRQWKHHGJHV LVDIXQFWLRQWKDWPHDVXUHVWKHVLPLODULW\EHWZHHQWKHHQGSRLQWVRIWKH
HGJH7KHYROXPHRIDVHWRIYHUWLFHV LVWKHWRWDOZHLJKWRIWKHHGJHVLQFLGHQWWRLW
  
  
ZKHUH LV WKH WRWDO ZHLJKW RI WKH JUDSK¶V HGJHV 7KH QRUPDOL]HG FXWV PHDVXUH LV XVHG WR PHDVXUH WKH
GLVVLPLODULW\GHJUHHEHWZHHQWZRUHJLRQVZLWKLQDQLPDJH)RU OHW GHQRWH /HWFXW
  
EHWKHZHLJKWRIHGJHVFURVVLQJWKHFXW 7KHQWKHQRUPDOL]HGFXWYDOXHFRUUHVSRQGLQJWR FDQEHGHILQHG
DV
  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)LJLOOXVWUDWHVWKUHHVDPSOHUHVXOWVZLWKYDULRXVQXPEHUVRIFXWVLHDQGFXWVUHVSHFWLYHO\




)LJ6DPSOHVRIELDVHGQRUPDOL]HGFXWVRIDQGFXWV
Intensity slicing::KLOHLJQRULQJLUUHOHYDQWSDUWVIURPWKHIDFHWKHHDUORFDWLRQQHHGVWREHDVFHUWDLQHG7KLVLV
GRQHE\XVLQJWKHHDUERXQGDU\LQIRUPDWLRQDFTXLUHGIURPDSSO\LQJWKH%1&+HUHLQWHQVLW\VOLFLQJLVSHUIRUPHGWR
HOLPLQDWHWKHEDFNJURXQGLQRUGHUWRUHWDLQRQO\WKHHDUERXQGDULHV)LJ
  
)LJ6DPSOHRXWFRPHRILQWHQVLW\VOLFLQJ
Entropy7KHDSSOLFDWLRQRI%1&PLJKWQRWEHHQWLUHO\VXIILFLHQWVLQFHGLVMRLQWHGSL[HOVPD\VWLOOEHSUHVHQWLQ
WKHUHVXOWDQWLPDJHHJ)LJ7KLVFDQOHDGWRLQDFFXUDWHVHJPHQWDWLRQ+HQFHZHVROYHWKLVSUREOHPE\XVLQJ
WKHHQWURS\IXQFWLRQ7KHHQWURS\RIDQLPDJHLVDVFDODUYDOXHIRUHDFKRI WKHLQSXWLPDJHLQWHQVLWLHVDQGFDQEH
FDOFXODWHGDV
ܲሺݔǡ ݕሻ ൌ െ෍ሺ݌Ǥכ ݈݋݃ʹሺ݌ሻሻ
݊
݅ൌͳ

  
ZKHUHWKHKLVWRJUDPFRXQWVRIWKHLQWHQVLW\VOLFHGLPDJHLVUHSUHVHQWHGE\p)LJVKRZVWKHUHVXOWDIWHUDSSO\LQJ
WKHHQWURS\IXQFWLRQ





)LJ'HIHFWVFDXVHGE\ELDVHGQRUPDOL]HGFXW




)LJ'HIHFWVHOLPLQDWHGE\XVLQJHQWURS\
Global thresholding *OREDO WKUHVKROGLQJ LV DSSOLHG WR VHJPHQW WKH HDU ERXQGDULHV IURP LWV EDFNJURXQG 7KLV
SURFHGXUHDOVRHQKDQFHVWKHHDUHGJHVZKLFKLVXVHIXOIRUSUHVHUYLQJWKHGHWDLOHGLQIRUPDWLRQRIWKHHDUERXQGDULHV
)LJLOOXVWUDWHVWKHHDUHGJHVDIWHUWKUHVKROGLQJ





)LJ(DUHGJHVDIWHUJOREDOWKUHVKROGLQJ
'LVFRQQHFWHG
SL[HOV
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Morphological operations7KHILQDOVWDJHVRIHDUVHJPHQWDWLRQLQYROYHWKUHHW\SHVRIPRUSKRORJLFDORSHUDWLRQV
QDPHO\ VNHOHWRQL]DWLRQ ILOOLQJ DQG RSHQLQJ 7KHVH RSHUDWLRQV SUHVHUYH WKH LQWULFDWH GHWDLOV RI WKH HDU ERXQGDULHV
ZKLOHHQVXULQJ WKHRQO\ WKHZKROHHDUUHJLRQ LVVHJPHQWHGZKLOHDYRLGLQJIDFLDO UHJLRQV$JUDSKLFDOH[DPSOHRI
WKHVHWKUHHRSHUDWLRQVLVVKRZQLQ)LJDQGEULHIO\GLVFXVVHGLQWKHIROORZLQJSDUDJUDSKV





D E F
)LJD6NHOHWRQL]DWLRQE)LOOLQJF2SHQLQJ
x 6NHOHWRQL]DWLRQ ,Q )LJ  WKH HDU LPDJH HGJHV DUH WKLFN DQG LQWULFDWH GHWDLOV RI WKH HDU LQIRUPDWLRQ DUH QRW
REYLRXV6NHOHWRQL]DWLRQFDQUHPRYHSL[HOVRQWKHERXQGDULHVRIREMHFWVZKLOHUHWDLQLQJLPSRUWDQWLQIRUPDWLRQRI
WKHHDUVKDSHZKLFKLVODWHUVWRUHGDVHDUFRGH
x )LOOLQJ2QFH WKHH[DFWHDUUHJLRQ LV ORFDWHGE\ LGHQWLI\LQJ WKH ODUJHVW UHJLRQDUHD WKHILOOLQJRSHUDWLRQILOOVLQ
HQFDSVXODWHGEODFNUHJLRQVZLWKWKHVDPHLQWHQVLW\YDOXHV7KLVSUHSDUHVWKHHDUUHJLRQIRUH[WUDFWLRQ
x 2SHQLQJ7KHILQDOPRUSKRORJLFDORSHUDWLRQSULRUWRVHJPHQWDWLRQLVRSHQLQJ2SHQLQJFDQHOLPLQDWHSURWUXVLRQV
DQGQRLVHVSURGXFHGGXULQJ%1&$VVKRZQLQ)LJFH[WUDQHRXVOLQHVFDXVHGE\WKHFXWVDUHFRQVLGHUHGDV
QRLVHDQGFDQEHHIIHFWLYHO\UHPRYHGXVLQJRSHQLQJ
Image mapping$PDSSLQJIXQFWLRQLVLPSOHPHQWHGEHWZHHQWKHRULJLQDOHDULPDJHDQGWKHVHJPHQWHGELQDU\
LPDJHIURPWKHPRUSKRORJLFDOVWDJH7KLVVWHSFRQFOXGHVWKHVHJPHQWDWLRQSURFHVVZKHUHWKHDFWXDOHDUUHJLRQLV
VHJPHQWHG7KHIROORZLQJHTXDWLRQGHILQHVWKHPDSSLQJ
ܼሺݔǡ ݕሻ ൌ ൜
ܫሺݔǡ ݕሻǡ ݂݅ܴሺݔǡ ݕሻ ൌ ͳ
Ͳ ǡ ݂݅ܴሺݔǡ ݕሻ ൌ Ͳ   
ZKHUH LVWKHFURSSHGJUD\VFDOHHDULPDJHDQG LVWKHVHJPHQWHGELQDU\LPDJH7KHSURFHVVRILPDJHPDSSLQJLV
VKRZQLQ)LJ




)LJ)LQDOHDUVHJPHQWDWLRQ¶VRXWFRPH
2.3. Feature Extraction 
2QO\ WKHPRVW VLJQLILFDQW IHDWXUHV DUH FRQVLGHUHG IRU WKH HDU FRGHV WHPSODWHV 7KH JHQHUDWHG WHPSODWH GXULQJ
IHDWXUHHQFRGLQJUHTXLUHVDFRUUHVSRQGLQJVLPLODULW\PHDVXUHPHQWEHWZHHQWKHWHPSODWHDQGWKHTXHU\LPDJH7KLV
PHWULFVKRXOGJLYHDUDQJHRIYDOXHVZKHQFRPSDULQJWHPSODWHVIURPWKHVDPHHDULHLQWUDFODVVFRPSDULVRQ
Feature encoding )HDWXUH HQFRGLQJ FRQYROYHV WKH QRUPDOL]HG HDU SDWWHUQZLWK ' /RJ*DERUZDYHOHWV 7KH
WZRGLPHQVLRQDOQRUPDOL]HGSDWWHUQ LVEURNHQXS LQWRDQXPEHURI'VLJQDOVDQGDUHFRQYROYHGZLWK'*DERU
ZDYHOHWV 7KH URZV RI WKH ' QRUPDOL]HG SDWWHUQ DUH WDNHQ DV WKH ' VLJQDO ZKHUH WKH YDOXH LQ HDFK URZ
FRUUHVSRQGV WR LQWHQVLW\ RQ WKH HDU UHJLRQ 7KH DQJXODU GLUHFWLRQ LV WDNHQ UDWKHU WKDQ WKH UDGLDO GLUHFWLRQ ZKLFK
FRUUHVSRQGVWRFROXPQVRIWKHQRUPDOL]HGSDWWHUQ7KHIUHTXHQF\UHVSRQVHRI/RJ*DERUILOWHULVJLYHQDV
ܩሺ݂ሻ ൌ ݁ݔ݌ ቆ
െሺሺ݂ Ͳ݂Τ ሻሻʹ
ʹሺ݈݋݃ሺߪ Ͳ݂ሻሻʹΤ
ቇ
  
ZKHUHWKHFHQWHUIUHTXHQF\LVUHSUHVHQWHGDV DQG LVWKHILOWHU¶VEDQGZLGWK
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,QWKHQRUPDOL]HGSDWWHUQLQWHQVLW\YDOXHVDWNQRZQQRLV\DUHDVDUHVHWWRWKHDYHUDJHLQWHQVLW\RIWKHVXUURXQGLQJ
SL[HOVWRDYRLGDQ\XQZDQWHGHIIHFWVLQWKHILQDORXWSXWRIILOWHULQJ7KHRXWSXWRIILOWHULQJLVWKHQSKDVHTXDQWL]HGWR
IRXUOHYHOVZLWKHDFKILOWHUSURGXFLQJELWVRIGDWDIRUHDFKSKDVRU7KHRXWSXWRISKDVHTXDQWL]DWLRQLVFKRVHQWR
EH D JUH\ FRGH 7KLV LV HVVHQWLDO WRPLQLPL]H WKH QXPEHU RI GLVDJUHHLQJ ELWV ZKHQ JRLQJ IURP RQH TXDGUDQW WR
DQRWKHUVLQFHRQO\ELWFKDQJHV
$ELWZLVHWHPSODWHLVSURGXFHGE\WKHHQFRGLQJSURFHVVZKLFKFRQWDLQVDQXPEHURIELWVRILQIRUPDWLRQDQGD
FRUUHVSRQGLQJQRLVHPDVNVKRZLQJWKHFRUUXSWDUHDVZLWKLQWKHHDUSDWWHUQDQGPDUNVELWVLQWKHWHPSODWHDVFRUUXSW
:KHQUHJLRQVRIWKHDPSOLWXGHDUH]HURWKHSKDVHLQIRUPDWLRQZLOOEHPHDQLQJOHVV&RQVHTXHQWO\WKHVHUHJLRQVDUH
DOVRPDUNHG LQ WKH QRLVHPDVN7KH WRWDO QXPEHURI ELWV LQ WKH WHPSODWHZLOO EH WKH DQJXODU UHVROXWLRQ WLPHV WKH
UDGLDO UHVROXWLRQ PXOWLSOLHG E\  WKHQ PXOWLSOLHG E\ WKH QXPEHU RI ILOWHUV XVHG ([DPSOHV RI earcodes EHLQJ
JHQHUDWHGDUHVKRZQLQ)LJ





)LJ(DUFRGHWHPSODWHV
2.4. Matching 
$PRGLILHG+DPPLQJGLVWDQFH+'ZDVXVHGIRUPDWFKLQJZKLFKDFWVDVDPHWULFIRUUHFRJQLWLRQ7KH+'DOVR
LQFRUSRUDWHVQRLVHPDVNLQJVRWKDWRQO\WKHVLJQLILFDQWELWVDUHFRQVLGHUHGLQFRPSDULQJWZRHDUWHPSODWHV1RWHWKDW
ZKHQFDOFXODWLQJWKH+'RQO\ELWVLQWKHHDUSDWWHUQFRUUHVSRQGLQJWRµ¶LQWKHQRLVHPDVNVRIERWKHDUSDWWHUQVDUH
XVHG7KH+'LVDOVRRQO\FDOFXODWHGXVLQJELWVJHQHUDWHGIURPWKHWUXHHDUUHJLRQ7KLVPRGLILHG+'LVJLYHQLQ(T

  (8) 
ZKHUH DQG DUHWKHWZRELWZLVHWHPSODWHVWREHFRPSDUHG DQG DUHWKHFRUUHVSRQGLQJQRLVHPDVNVIRU
DQG UHVSHFWLYHO\DQG LVWKHQXPEHURIELWVUHSUHVHQWHGE\HDFKWHPSODWH
7RFDWHUIRUURWDWLRQDOLQFRQVLVWHQFLHVRQHWHPSODWHLVVKLIWHGOHIWDQGULJKWELWZLVHDQGDQXPEHURI+'YDOXHV
DUHFDOFXODWHGIURPVXFFHVVLYHVKLIWV7KLVELWZLVHVKLIWLQJLQWKHKRUL]RQWDOGLUHFWLRQFRUUHVSRQGVWRURWDWLRQRIWKH
RULJLQDOHDUUHJLRQE\DQDQJOHJLYHQE\WKHDQJXODUUHVROXWLRQXVHG)RUDQDQJXODUUHVROXWLRQRIRLVXVHGHDFK
VKLIW ZLOO FRUUHVSRQG WR D URWDWLRQ RI R LQ WKH HDU UHJLRQ 7KLV PHWKRG ZDV VXJJHVWHG E\ ZKLFK FRUUHFWV
PLVDOLJQPHQWVLQWKHQRUPDOL]HGHDUSDWWHUQFDXVHGE\URWDWLRQDOGLIIHUHQFHVGXULQJLPDJLQJ&RQVHTXHQWO\RQO\WKH
ORZHVWYDOXHVRIWKHFDOFXODWHG+'DUHWDNHQ7KLVLVFRQVLGHUHGWKHEHVWPDWFKEHWZHHQWKHWZRWHPSODWHV
7KHQXPEHURIELWVPRYHGGXULQJHDFKVKLIW LVJLYHQE\WZLFHWKHQXPEHURIILOWHUVHPSOR\HG7KLV LVEHFDXVH
HDFK ILOWHU JHQHUDWHV ELWV IURP RQH SL[HOZLWKLQ WKH QRUPDOL]HG UHJLRQ 7KH DFWXDO QXPEHU RI VKLIWV QHHGHG WR
QRUPDOL]HURWDWLRQDOLQFRQVLVWHQFLHVLVGHWHUPLQHGE\WKHGLIIHUHQFHRIWKHPD[LPXPDQJOHEHWZHHQWZRLPDJHVRI
WKHVDPHHDU2QHVKLIWLVGHILQHGDVRQHVKLIWWRWKHOHIWIROORZHGE\RQHVKLIWWRWKHULJKW
5HVXOWVDQG)LQGLQJV
7KH VHJPHQWDWLRQ DQG DXWKHQWLFDWLRQ UHVXOWV DUH SUHVHQWHG VHSDUDWHO\ LQ WKLV VHFWLRQ6HFWLRQ GLVFXVVHV WKH
UHVXOWVRILPDJHVHJPHQWDWLRQH[SHULPHQWDQGHDUDXWKHQWLFDWLRQUHVXOWVDUHSUHVHQWHGLQVHFWLRQ
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3.1. Image Segmentation Experiment 
,PDJHVHJPHQWDWLRQZDVHYDOXDWHGRQDGDWDVHWRIHDU LPDJHVWDNHQXQGHUYDULRXVOLJKWLQJFRQGLWLRQV)RU
EHVW VHJPHQWDWLRQ UHVXOWV %1&V ZLWK GLIIHUHQW QXPEHU RI FXWV LH     DQG  ZHUH FRQVLGHUHG
6HJPHQWDWLRQ DFFXUDF\ LV VXEMHFWLYHO\ HVWDEOLVKHG E\ KXPDQ YLVXDO LQVSHFWLRQ EDVHG RQ WKH IROORZLQJ REMHFWLYH
FULWHULD
 $FFHSWHG7KHKHOL[DQWLKHOL[ WUDJXV OREH LQFLVXUDDQWLUDJXVDQGFRQFKDDUHVHJPHQWHGSURSHUO\LHDOORI
WKHHDU¶VDQDWRPLFDOSDUWV5HIHUWR)LJDDQG
 5HMHFWHG$WOHDVWRQHSDUWRIWKHHDUDQDWRP\LVQRWSURSHUO\VHJPHQWHG5HIHUWR)LJE





 D E
)LJD$FFHSWHGDQGE5HMHFWHGHDUVHJPHQWV
7DEOHVKRZVWKDWVHJPHQWDWLRQUDWHLQFUHDVHVZLWKWKHQXPEHURIFXWVLHIURPIRUFXWVWRIRU
FXWV6HJPHQWDWLRQSURFHVVLQJWLPHDOVRLVFRQVLGHUHGVLQFHDVWKHQXPEHURIFXWVLQFUHDVH$WFXWVWKHKLJKHVW
VHJPHQWDWLRQDFFXUDF\UDWHZDVDFKLHYHGDWDQDYHUDJHRIVHFRQGVIRUHDFKLPDJH
7DEOH%LDVHGQRUPDOL]HGFXWVVHJPHQWDWLRQ
&XWV $FFHSWHG 5HMHFWHG 6HJPHQWDWLRQUDWH
   
   
   
   
   
3.2. Ear Authentication 
,QWUDFODVV FRPSDULVRQVZHUHGRQH IRU HDU DXWKHQWLFDWLRQXVLQJVXEMHFWV)RU HDFKSHUVRQRQH HDU LPDJH LV
XVHGDVDWHVWLPDJHDJDLQVWKLVKHUWKUHHEHQFKPDUNHGHDULPDJHV7KH+'LVFDOFXODWHGEHWZHHQWKHWHVWDQGWKH
WKUHH EHQFKPDUNHG HDUFRGHV 7DEOH  VKRZV WKH UHVXOWV RI HDU DXWKHQWLFDWLRQ IRU WKH VXEMHFWV 7KH YDOXH µ¶
LQGLFDWHVDPDWFKHGSDLUZKHUHDVµ¶GHQRWHVDQXQPDWFKHGSDLU
7DEOH5HVXOWVRIHDUDXWKHQWLFDWLRQ±PDWFKXQPDWFK
6XEMHFW (DUFRGHV 0DWFK 6XEMHFW (DUFRGHV 0DWFK 6XEMHFW (DUFRGHV 0DWFK
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
          $YHUDJHDXWKHQWLFDWLRQUDWH
          
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'LVFXVVLRQ
7DEOH  GHPRQVWUDWHG WKDW  RXW RI  LPDJHV DFKLHYHG  DXWKHQWLFDWLRQ UDWH IROORZHG E\ 
DXWKHQWLFDWLRQ UDWH IRU  LPDJHV DQG  IRU  LPDJHV $Q DYHUDJH DXWKHQWLFDWLRQ UDWH RI  LV DFKLHYHG
DOWKRXJKWKHHDULPDJHVZHUHFDSWXUHGLQYDULRXVLOOXPLQDWLRQFRQGLWLRQVZKLFKLVTXLWHSURPLVLQJ7KHPDLQFDXVH
RI DXWKHQWLFDWLRQ IDLOXUH IRU VHYHUDO FDVHV LV GXH WR RYHUVHJPHQWDWLRQ 6RPH VDPSOHV DUH JLYHQ LQ )LJXUH 
$OWKRXJKWKH/RJ*DERUILOWHUVDUHFRQVLGHUDEO\UREXVWLQHDUFRGHVJHQHUDWLRQWKH%1&EDVHGVHJPHQWDWLRQVHHPV
WRQHHGIXUWKHUHQKDQFHPHQW1RQXQLIRUPLOOXPLQDWLRQGXULQJLPDJHDFTXLVLWLRQVWLOOUHPDLQVDFRORVVDOFKDOOHQJH
ZKLFK LV D PDMRU IDFWRU OHDGLQJ WR LQDFFXUDWH VHJPHQWDWLRQ 0RUH FXWV FDQ EH FRQVLGHUHG DW WKH H[SHQVH RI
HIILFLHQF\


)LJ2YHUVHJPHQWDWLRQVKRZQLQFLUFOHV
&RQFOXVLRQ
:H KDYH SURSRVHG DQ DXWRPDWHG ELRPHWULF DXWKHQWLFDWLRQ PHWKRG 8QOLNH SUHYLRXV ELRPHWULF DXWKHQWLFDWLRQ
ZRUNV WKDWHPSOR\HDU LPDJHVFDSWXUHGXQGHUFRQWUROOHGHQYLURQPHQWV WKHSURSRVHGPHWKRGPDQDJHG WRDFKLHYH
KLJK DYHUDJH DFFXUDF\ RI  XVLQJ LPDJHV DFTXLUHG XQGHU YDULRXV LOOXPLQDWLRQ FRQGLWLRQV ,QWUDFODVV
FRPSDULVRQVRQVXEMHFWVDJDLQVWHDU LPDJHVZHUHSHUIRUPHGEDVHGRQWKH+DPPLQJGLVWDQFH2XUPHWKRG
SURGXFHGVDWLVIDFWRU\UHVXOWVDQGIXUWKHUZRUNLVRQJRLQJWRJHQHUDWHXQLTXHHDUFRGHWRDXWKHQWLFDWHHDFKLQGLYLGXDO
$FNQRZOHGJHPHQWV
'XH DFNQRZOHGJHPHQW LV DFFRUGHG WR WKH0LQLVWU\ RI (GXFDWLRQ0DOD\VLD IRU WKH IXQGLQJ UHFHLYHG
WKURXJKWKH)XQGDPHQWDO5HVHDUFK*UDQW6FKHPHQR)5*6,&78,70
5HIHUHQFHV
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Recognition 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